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A METHOD TO COMPUTE THE CONTACT FORCE OF A BODY
IMPACTING A RING-STIFFENED CYLINDRICAL SHELL USING
A LUMPED PARAMETER FINTTE-DIFFERENCE MODEL

INTRODUCTION

The Naval Research Laboratory has in the past beer involved
in defining shock design inputs for equipment aboard submarines.
The Navy 1is currently involved in sea-exercises in which 1inert
torpedoes with high wvelocities are beianz used. With the
possibility of a torpedo impacting a submarine and danaging wvital
equipment, resulting in loss of 1life and the submarine, a
reliable method to estimate the impact force 13is needed, This
report presents a method to ccmpute the contact force of z body
such as an inert torpedo impactiang a ring-stiffened cylindrical
shell using a lumped parameter finite-difference computer
prograne.

The method is very simple in concept. The mzasured velocity
of the struck region is impressad cn the lumped mass around the
impact point in the computer model. The computer »orogram for
each time step <calculates the wvelocitv of the struck wmass
assuming nc iImpact force. All the internal <{forces oa the mass
are calculated bz the program. The calculsted valocity is in
error. The force necessarvy to nove the mass at the correct

velocity (impressed wvelocitv) is computed at each time step.
This additional force is the impact force.

The method has several iIimportent advantages,. The data
measured at the 1mpact point are used to drive the mathematical
model. The response of the model at each time step gives the

impact force at the previous time step, and for shock tvpe
loadings of 19-30 ms the model has little time to degrade 1in
accuracy, In addition, because of the short duration of the
calculation, damping plays little part.

A previous report "A Method to Cowmpute the Force Sigaature
of a Body Impacting on a Linear Elastic Structure Using Fourier

Analysis” [1] discusses a frequency domain technigue for 4er1ving

the 1impact force. This method suffers from several majer
drawbacks. In order to obtain <convergence of the Fourier
integrals of the impulse response and response to force,
functions out to long times nust be used. The 1long times

required introduce errors in the derived force due to errors in
the measured gage respoase and errors in the computer 1mpulse
response, especially at late times. In order to use the computed
impulse response damping must te applied to the function.
Obtaining the correct damping as function of f{requency Is another
difficultyvy, and introduces errors in the derived force.

Manuscript approved Decemner 29, 19838,
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EXPERIMENT - TOR?®

i1

DO IMp

In 1932, a series f rocket assisted air drops of wvarizus
torpedces was conducted bv NSRDC-UERD (Naval Ship Research anid

Development Center - Undearwater Zxplosion Reszavrch Detachment) zt
Portsmouth, Virginia, The tornedoee were dropped against a larsze
ring-stiffened cvlindrical shell made c¢f ZIY-139 steel, also %Xaown
as the A3-1. Data were measured c¢cn the AB-1 bv veloccity meters
anc accelerometers durlnz the impact, The locations ¢i these
velocity etegs and accelercmeters ia the vicinity of the
impacted frame are shown in Figure 1.

One of the 1impactors dropped was 2 sinulatar torsedo fan
impactor designed to simulate the Zforce »f an actual tecrpedn).
Data was sent to NRL on digital tape. The method as describhed in
this repcrt is applied to this data set ags a %est case. The Zata
frcm the impact region zre used to zZenaracte the force. This
impact force 1is then used with the damped computed impulise
resoonssa to generate nredicted responses far wvarious gage
locations. from the predicted responsas przdicrted shock spectra
nmav  be obtained and ccmpared with nmeasuvred shock scectra,
Predicting shock spectraz is of prime iapoertance in desizz and
analvses of internral equipments bv current methods.

METHOD USING WGSM T0O FIND IMPACT FORCE

VGSM (the Variable Geometry Submarire Model) [2! enplovs 2
lumped paramster finite difference approach to medel the responss
2f ring-stiffened cvlindrical shells. The program solvas the
partial differential equations of Timoshenkc beam theorv. A
model gererator program is supplied to generate the cvlindrical
siell with stiffeners. The user wmust write a main prograa wiich
contains the additional equipment ecuaztions znd calls the dynanic
subroutine which updates (integrates t J the resvnonse of the

in
nasses mnodeling the shell. The wmein cgram integrates the
equipmen: equaticns. The nodel time histori ts be printed out,
or savad on disk/tape, must be defined in tha user-supplied main
progran.

The sequence of steps which is usad to model the ABR-1 a2
compute the impact force is as follows. First the wmod
generator program is used to build a 7~frame wmodel sf the ABR-
cvliader, Then a main rrogram 135 written to model t
equipmert, The simulated equipment mcuatad between framas (s
fizure 1) 1is modeled by two equatioas of notion,. The ecquipme
egquations in matrix form are:

Co]R] +IRIIE) = [RJITHIYY (1)
where M is the diagonal lumped mass mactrixz, K is the svmmatrical
stiffness matrix of the eauipmernt, X 1is the c¢olumn vector of
equipmect wmass displaczements, ¥ i3 the columa wector of V3ESM nass
displacenents at the equioment supocrts and T is a matrix
transforming »CSM displacemants at supzorts to equipreut
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displacements at lumped masses. The reaction forces at the
equipmant supports can he expressed as:
M
ve roo1n
[FR] = [TI[X] (M, (2)

2
The measured velocity of the shell at the ZIpmpact point s
low pass filtered tc renove noisa and obtain a srmooth sizaal.
The YGSM mass corresponding to the impact point is movad with the
filtered measured velocity V¥, at time ti' The AB-1 nodel and
equipment is than allowed to move for one time step and VGSM
returns for the struck mass a velocity of VY .y a3t time t, ),

which differs from V the measured velocity at t,

M.
Ti+l?
impact force TF needed to make the VCESM mass velocity equal to
the measured velocity VMi*l can be computed from:

M

v = - - M
T74 FRy * 3¢ (VY4 VM) (3)

This equation mav be turned around to read:

. (FRi-TFi,,
Vi T VY ‘ M Sl ()

This equation says that the measured velocity at t is equal to

i+l
the VGSM velocity at ti+1 correcced by the velocity change due o
FRi1

the upward equipment reaction £arce A at ti and the downward

impact force ZIFL Lt at ti. The VGSM mass velocity is then set
to the measured velocity at Ei410 the model is allowed to move
for one time step, and equatior 3 is agzain used to find TF.+1.
The sequence for finding TF is programmed into the user supplied
main progran.

RESULTS OF METHOD

The above methcd is applied to compute the contact force of
a simulator torpedo droppad oan the AB-1. Figure 2 shows the
unfiltered velocity as measured by V1!, on the end of the flange
under the impact on frame 9. Figure 3 shows the velocitv record

from V11 low-pass filtered below 500H=z. The filtered veloncity
V11l drives the VGS8SM struck mass. Figure 4 shows the impact force
calculated at each time step. The negative wvalues represeant

modeling errors since there is no mechanism for the impactor to
pull up on the AB-1, creating negative or tensile forces. Figure
5 shows the impact force with negative wvalues removed and
terminated at a time corresponding to no additional impulse bein
delivered. Figure 6 shows the monmnentum or i{impulse delivered =
the AB-1. After the initial anomentum of 4663 1lb=-s is expended a
substantial additional impulse is <calculated due tc a large
bounce of the simulator alsc observed during the drop. Some
impactors do not bocunce 224 the calculated iapulse exp:nded then
equals MV _, the initial mnonmentum of the impactonr. Figure 7 shows
the velocity of the simulator center of gravitv. The simulator
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slows down aand then reverses directica a
shows the displacement or crushing o
simulator crushes a2bout 3 inches during impact, ¢ e
measured 6 inches. Figure 9 shows the energv expeniad hr the
simulator during impacet. The 1initial kinetic energv (1/2 uv 2)

- - -~ . . - N / O
of 139,017 1b=-fr of the simulator is totallv exocended.

s it bocunces. Tizure 8
€ the impa

COMPARISON 9O

"y

PPEDICTED AND MEASURYD RESPCNSES

Cne methoi of comparison of oradicted versus neasured is to
move the VGSM struck mass with the measured velocity and comzars
the velocity computed to the measursd veloc

ity at the nelc%*orlq
frames and on the sioulated equipnent. is asounts to comparin
measured and comouted velocities durianz the time rha the force
is computed. Figures 19, 11 and !2 szhow zood agreenent between
predicted and measured time haistories on frames ia the wvicinity
of the impact franme. Figures 13 and 1L also show good agreerent
between predicted and mneasured welocitvy time histories on the
simulated eguipnment. I should be noted that the measured data
has an arbitrary zero time, however by shifting the measure curve

1

right or left a better metch can b2 aobtaiael,

Another ne2tnod of conpariszon is o <c<onvolve the truncated
force (no negative <values and terminated after impulse 1is
expended) and a VGSM computed imoulse response fto ohtain a
opredicred ra2sconse. The <comnuted impulse response should be
danped. The followinz method 1is emploved. Shock spec*ra of
experinmantal records for various lencths of time are proluced.
The growtih of ©peaks at different frequencies in hz srtcek
spectrum is used to

estimate an equivalent viscous damping factor
in five frequency baﬁds from G to 520 Hz. The estimate 1

s
cn using the gzrowth of the analvtical sclution of z2a undam:
shoeck spectrum oscillator to damped base moticna. The ratio of
the anmplitudes at two diiferent times zives the damping In tha
base, Damping factors obtainad kv this technique ranged Iron x

Impulsive responseas for th 2 instrumented frares and
locations o¢n the 51mula»ed ecuipmen: are found using VGSM. Each
impulse response is broken into the same five frequency bands 45
the data by usinz band~pass fl‘ters, and the time histories for
each band are modified by :the exponential damping factors. The
damped time histories for each of the fiv bands are summed ¢to

form a damped impulse responsa. The resgoase 0f a linear elastic
system such as the AB~-! mav be computei from the convolution
integral:

t
Ri(et) = | F{T)hi(z-1)dT (s)
o
This equation is the ceonvolution ¢I the impact force and the
damped inpulee response at lazcation 1. The R,(t) are computed
for locations oz the iapact frame, neigzhboring frames, and en the
simulated equioment wusin: a Fcurier transform computer code.
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Then undamped shock spectra are conputed uvsinz these predictsad
responses as the base motion of the shock saectrum oscillator.
These predicted shock spectra are plotted on a linear scale aleng
with measured shock spectra from velocitv meters and
accelerometers nmounted in the vicinity of locazicns corraspondinsg
to VGSM predictions, Figures 3-13 shew zood acreement between
measured and predicted 50 MS shock spectra on the impacted frams
and those that are adjacent, and TFigures 13-22  show uood
agreemant on the simulated acuipment,
CONCLTSIZNS

4 7alid nethod for chtaining the contact force of a bodv
such as a torpedo impazting a ring=-stiffenad cvliadar has %ez-x
described, The method 1is tested on dzta from a simulector
torpedc., The calculated force is consistent with =mecasured dara
in manyv respects; momentum, energy and crush. The derived force
in turn predicts locity responses and shock svectra whizh agres
well with measuremeats The same methed Lzs been used
successfully to obtain :he impact forca of veal terpaedaes such as
the Mkai3,
ACXNOWLEDGMENTS

The author would 1ike to express his gratitude to Georza J.
0'Hara for his help and assiszance in the formulation of-‘many
ideas ia this report.

1. O'Hara, G.J. and Schechter, R,3., "A Method to Coampute the
Torce Signature of a Body Impacting on a Linear Elastic Structure
Usi cur Analysis™ NRL Memorandum Report 4875, September

1582 AI%AIIQ

2, Mg¥VNaignt, B.C., "The Variable Gecmetry Submarine Model (VGSM)
Version I;I, User's Manual”, M & T Report No. A790¢0Z, The M & T

Company, 1979,

Sept.,

ittt

N - V5 RN e

1
'l

Y P RPN | SRS




Pl it

Calit ol

R e Sa LT

B IR N A% e

Iy

CINAWA A0 QULYTHIHIS J0 ALINIDIA NT I-9V NO SUHLINOAUTADIIY
GNV SUMLAN ALIDOTHA *SURVIL d0 NOTLVIOT ONTMOHS HILYSAS - 1 3an014

8 9
hv ll...ime A—t—hIA

SIA Il%lm m:\T %

FLVId GoL—

ANVI3dinog
LY INWIS -

1 [T

1/ I —— OlA )

IR RN A Y

M 2 e 2 )
‘o

a4 TR

Codat ol

73 8 b4 Ol4
VYA _IDVI T

- A ... _.. . N .-. MW .J.. qq- , \l\ -l. -\ -.- K .--.. ; ..-\ \. -‘. 4\. ..- o \.. ORI .-. ! .-nn-.-n-. .-- J-. -.--..h .\ -,1' 4”10“\&..'“5“' -.....-.,. -4— .(-..-n.... .-. .o ./-.i..‘-- .A‘ -4. -. -n
- ,. ‘. . ...4 . .‘. .-- ..- ;

L NI NS




- ..

TITYA AHLUW ALTOOTHA
Ag GHANSVIR NOTOHE LOVARWT 40 ALIDOTAA AWAALITJANG - T adnoitd

(S] 3Wll
0£0°0 B20°C 920°0 ¥20°0 ¢20°0 ©ZO'QC 810°C 98I0°D ¥10°0 <210°0C Ol0'0 §00°C 900°0 ¥00°'0 Z200°0000°C
1 L } 1 1 1 H 1 | ] 1 | { 1 m m-u~
W.E'
i
¢
i G-
5 £
a i
2
a
V
s
y,
..
2 g
3 W
% - 0T
p
A
a
A G2
g
3 0dL03¥¥03-1TA ALIJ0T3A
..
8

»




. e .ﬂ.a_- M ,\.‘J,J..q.«]ilw v

DA
Y
ol
i

-

v, w

aTIvTLY .Y,

-

TUIA MMLAW ALIDOTRA A4
GUAMOSVEN NOIDNE LOVARE A0 ALTDOTAA dudddL i Suvd BoT = ¢ ddansid

; (51 WLl
0L0°0C 870°0 92G°0 ¥C0°0 €20°0 0OCQ°0 810G S10°0 ¥10°0 <ZI10°0 OIG'0 0000 S00°C #%00°0 Z0C'0000°G
1 oA A i I 1 L 1 I 1 ) i s i

LY.

3

ﬁw. f Gi-
- :

m

i

m' 01 -

w

{

H

! :

! -

{ L

‘o <
)
o o
=

r.m.— (]
~
v

ﬂo_

i

31

(474

03H3LTT4-TTA ALI30T3A




U
N

" R R

Sl Pl R A

-

w

T

A

v
T et

Y e

B

Ty

.

Ca g A -

-'-\ ’- -l

fadia 8

4

(I St A s e e

THSOA AY dULOINOD HOLVTHORTS

(S} Wl
0£0°0 mwo_.o wwm.a vNJ.c NN:».c Oﬂo_.o w:w.c ws_.o ﬁo_.o nﬁc..o Qm.o moo_.o woo_.o woo_.c <l 000G"
1

~
e

SRS L A F s B e o T, b car A e S

s v

{- J6BORE -

ot -

« mas.

!
1~ 6G666Y-

-

o

1%

.m.

5663

- 06666

- CB0OGY |

- S666RG 1

43804 0034401

1431075 34

- WY
= ‘\"\:-‘ ¥
[ SN,

- - {\\ ~
s
LR

DNy

-
*
)

. _'.'.‘.._“.
PV S, |

AT A

LW %

. . .
._ - .
NS catat sl



CUAWTL ONT QALYNIKWAAL GNV GTAORWU e
SHNTTYA HATLVIAN HLIM 0ddddNOL AOLVIINRTS A0 HDH0A LOVAWLE - & JANDT

(S) 3HIL
410°0 810°0 S10°0 ¥10°0 £10°0 210°0 110°0 010°0 600°0 800°0 £00°0 900°0 S00'0 ¥00°0 £00°0 TOO'0 100°MHOO°C
H 1 <

3

'
Q
[ ]
o)

o

Q

[

=]
L lTel
—_ e -

TN
/

8
s
—

LA A RBPS  LRYIT. O T AT AL W SR,

- CCH1

P

J3404 ¥SEBHIS



_ CAOLVINARTS d0 WALNAWON (dUaANTIXT 40 ASTINAHT - 9 430914
g _ (S} 3WIL
g £1G°0 910°0 Si0°0 ¥10°0 £10°C 2i0°0 110°0 010°0 600°0 8OO0 £00°0 900°0 S00°C %00°0 £03°C 200°C 100°M00°0
. 1 1 1 b 1 1 L 1 I3 ' 1 1 1 1 1 J o WC
g !
: 5
: H
i ;
. { 0001
(2 w u
- 0002
3 ! -z
/ g
_ -go0e (1
N s
! H L i
H < 1
=
- 000V W
. t 4
.c S
“ 91188
., - 0009
: 000¢




TJOLVINHIES 0 9D 0 ALIDOT - L WANOTY

. (S) Wil
£L16°0 sio°Q m_c_.o :o_.c m—o—.o N_o..o :o_.c n:m.o moo_.c mco..o hoo..c woo.wo moo_.c *om.o mmo_.o Noc~.0 100°©og -0
1

i 1 ]
i Oy -
m j
! :
_ i og-
§
}
b oe-
t
4
{
t.or-
]
:
! | 0
i P
i . '™
§ : s
,_ro. —
o<
e N
! <
. ~
H w
Lo T
]
Wé‘
0s
Loy
/
L. oz

ALT30T3A

o K ---ﬂ-»-- -- a.- -.-.
 Jhe




THOLVIIORTS 0 ONITHSIAD MO "9°9 40 INHWHOVIASIa - @ 2009714

. (S1 3WIL
£10°0 310°0 S10°0 ¥10°0 £10°0 210°0 110°0 010°0 600°0 800°0 £00°0 900°0 S00°0 ¥0G°G £00°0 200°0 100 WOO"
X L e 1. 1 d 4 L { 1 J 1 Jee -l b i

0

~

B S A

W W e

! 080

LN3IWN30E4S 10

3 [
%,

SY°O

n
U
>

(14)

13




T LT

EAGCR S

kb

bk S

&

S Sk

AU MR

VIS

A I
e e

CaE

I R el

Chiafh Y
L

L10°0
i

Al AR LAY

w:._..o S10°0 :c..c
$

e e "1.-.{1. L

DRI NS

THOLVIBIRTS A GHANAGXT ADUANT - § 4ua914

. (51 dWIL
£10°0 Zi0°C 110°0 0I0°0C €00°0 800°0 £00°0 900°0 SOQ°0 ¥00°C £00°D Z00°0 100°(MOU°C
1 o I » i i J J i I L | i !

.y

{

- st

(9 4

_ i P

m‘ 0000e .“

; 5

s \m

; 000CY

3 T

.

1) * o

00003 v it

H et %

[ bd

» 21 ’ .A

G) 0

- -t .u.-u

-ggous - K

C -

in Y

X . .-DL

“w ..- ‘\‘ !M

-Qoonoy - N ,m

st

‘o

"

' "
i- C000Zi
- 0000V 1
000091

e

AJYINS

e
AR

', "%

S XA

v
A

)

.......
N S RN




() AULOTARdd SHSAHA () COTA ABLAN ALIDOYNA
AH O HHVAAL NO GAAASVIAR ALIDOTIAA 40 NOSTYVAROD = O1 80914

(S) 3UIL
0£6°0 820°0 wNQ_.o vmo_.o NNQr.o 0co’o Eo_.c w._o..o :Q_.c N—o_.o o:.u_.o moc..c wﬁ.c «om.o Noo..oooo.c
1 — i

o1-

-«
)
C
o
0 [1o)
“ r
~<
HU-
—3
s
w
- ¥
m .
m . ,_...-f&.,
) fg Sy
-ﬁ "y m .,...\hm_
o LY
’ [ v
e ¢ ,..w

-+
et
S\




ARCON MO T VAMANAARel SACLAINVEA | WD et | “OrMtegr iy | o ey
I,

r, .

...

& TO=—) GRLO1GHUd SOSHHAA (") $A WALAW ALTIDOTHA

" AL 8 HVYL NO ARANSVIN ALIDOTYA A0 NOSIMVAWOD - 11 AAADT 4
& (S) IWIL

0i0°C HC0°0 920°0 ¥T0°0 2200 C20°0 8I10°0C SI10°0 ¥10°C 210°0C O010°0C 800°0 903°0 ¥00'0 E£00°0090°0
L ] L - 1 ’ 3 A L (] . l £ i 1 “ Q—!

MCAICAL &R

. ' 5
3 M
b 3- 8-
. H
fu.. w
r.. H
a Lg.
b :

"..l i

- -

b
2 -
3 - o8]
. el A r
3 § S
. ')
, - ©
... -3 —
-- - Q "<
3
b, -
5 J
2 Y
r 0
g
Fd
B,

-

AR 2

.’\'-

o1

. 0313103¥d "SA 03YNSHIW 8A -ALID0N3A

ey AT NN Y A e BN ) S 2 L 4 [ BN - o

RN - . "y Ry . .l---f-a. I 1 ...p...-_ f...--.-. v Y POy " L -J AR .-. AR -4 N -7,5-\- -4 TR S R




- FYETTTY Y REE YTV WU Y OWMEE Y ¥ VW 8 Y OY OYimmY . . cTa f 7 WAV g Y v TENY s o S

g (=) QHLOTdANd SNSAHUA (") CIA A4LIW KLIDOTAA

N A L HWVYA NO GAANSVAR ALIDONHA 40 NOSLIAVIWOD - Z1 4Ot d

" (S) JWIL

! 0L0°0 8Z0°C 920°0 #20°C 2200 020°0 810°0 910°0C #10°0 Z10°0 010°0 800°0C S00°0C ¥00°C Z00°0000°0

g 4 ) i L 1 ) Y ] [ 1 i 1 i 1 o1-
g

13073A

1
1
-~

-
-

S/ld) A

{
i
kY




ey

.

-'- -‘ " -

'l

NN

e VY 7-' DN A

LAt & S

« T8V

L T T YT YT T T T LT T

) GHLOIUAND SOSUUA () HIA HALAW ALIDOTHA A AUNHEdI N0

TALVIOWTIS NO GANISVIN ALIDOTIA 40 NOSTUVAWOD - €1

0£0°0 820°C 920°0 %Z0°0 220°0 020°0 €I10°C 910°0 ¥I0°0 2ZI10°0 O0I0°0 €00°C 900°0 +00°0 ¢00°0000°
i 1. 3 i 1 1 1 1 L 2 L 1 1 1

(S} IIL

G

. g1-

- 01-

0310I034d "SA

03¥NSB3IW #TA -ALI3073A

‘ml
<
|84]
.
Q
o)
- o
-Q vY.A._ A
w |
l
~
w
-9
- 01
st

.
e e

T

o '.‘..

WJUe
«tar,

as sl

oL
I SN
Sibs oS ale"

.f.




APPSO POAAAERY TARALN AR LI I L

- — WY T T R T W B it a A S &~ e gen)

mh () QALOIAAAD SNSAHA (***) SIA YALAW ALIDOUITA As JNHRAINOY

3 GALVIAWIS  NO  d3¥NSVAW  ALID0THA 40  NOSTIVAWOD == 41 Hu09T4

(S) IWIL

" 0£0°0 620°0 920°0 #20°0 220°0 O020°0 810°0 910°0 ¥10°0 <2I10°0 O010°C 600°C S00°0C $00°0C 200°0003°0

1.. q 1 1 - [ 1 1 1 1 H H I { H m.Ll
__‘..

W.

112073A

19

(S/14) X

Sl

(0313103¥d "SA Q3UNSHIW STA -AL1I3C3A




SRR WIIARATAY SRS

4
e

Ve

CSCOY AWIL GASIVIH () dHLDIUNNA
. SASAMA (~==) OIA WALHW ALIDOTAA ONY () SA WALAW ALTIDOIHA
A O HHVIA NO dHANSVHN VHLINAS NOOHS 40 NOSIIVAKOD -~ G1 HAdNnid

.

SO
A
b N Y

——r
S

. (ZH) D34 R
= 00s osh 0oF 0SE 00g 052 002 st oot 05 3 -y
3 1 -l 2, i } [l A i i mr D o
v... -+ ) - .L
-

: M
A N >

~. b ¢

. i & .
g A e
. o X
¥ e
X

as
3L310G38d. "SA 3YNSUIW QTHA-WNNIZFLS MIO0HS
(SRR RSN 1o WUREAE 8 Rl .....

TS -y.rth. ol .ttvlsl-..-pv\ "



T—— = T T LT TSV TV TEE W VR T T, v v, X mmv
ledl

*SG0° AWIL aAsdveld
(=) QILIIAAAd SNSAHA “(=*=) 1V UALAWOAHATIAOOV
g ANV (=--) TT1A ¥HLIW ALIDOTAA “(*°°) 9A UHALHUW ALIDOTAA
A 6 HRVAA NO dRANSVHW VILOAAS NDOHS 40 NOSIUVAWOD - 9T SiNDIA

(ZH) 034

. 0GS oSk (0,914 osg 00% ose 0gZ ost 0a1
le, i - L i

A 1 1 1 1

3

N

2

3

v.

A

. I :

: / j - / ¥

.U“._ ) / \ / “‘ / o¢

\ ey A i

: AN | i ; o

) \ /! .., flEn i i 5

‘._ \ hH \ H .ﬂ .. “. huthe

.“._ ./s.. ... ... _.. . ..,.. ... u -0S

.. ! ! ... .... / ... n,... {

.. R .._. ....... i

r, NS N - 09

. \ . .\

.W_ .... \. - 02

-.., tl L’

; 00

0310I038d "SA Q3¥NSHIW B644- WNYIIJI4S MNI0HS 3
8
m R
Y, )
2

RSt RPN




.,

P

A

-1 T_

-

L afil)

iy

-

.

860" HWLL aEsdviid () guLniaand
SHSHIAA “(~—==) TV NALGKWOAATADOV ANV () ®A YALIN ALTDOTAA
A H AWVHA NO QA¥0SVHK VHLOH4S ADOHS A0 NOSIMNVAWOD - LT HWAADT1A

(ZH) 034

0% 0St OUf. asz 00 0st 0gi
1 1 ot i

Py

[P

R ot

LET T,

)

vl

R AL

Q

R

2
™M
4] MmX

LA A AT £, I, WNATS SIFL UL T 12 SRS Ay 5 M oV SRR
-
e

8/

- OF

ta s

: 03L21034d "SA UFUNSUIN 814 -WNYLIIJS MICHS




CSGO° HWIL dASdvVIA *(—=) dALD1UAY¥d
SHSAIA “(===) €IA HALAW ALIDOIAA ANV (°*°) 6A UALAW ALIDOTHA
A L HWYAJS NO GHANSVIR VILDHMAS NOOHS 40 NOSLAVAWOD - 81 AANODTI

(ZH) 03yd

00s cmv owv omn omn omm cmm cm i 00l

- -
-—— - -

04L31038d "SA QIUNSUIW £Y¥4-WNHLIALS MOOHS




N

Wron,
I

»

Rl 5
o

L}

m44:4

058

I

CREEARNAT a

(-==) tv

INAWNJITOOH

THECQC AW
DA LAWOAR TADDV

GELVIHapts NO

AASdviy

(INY

aﬂt-ov

VILOHdS

C{—) aFLOIGHNd

ADBOUS 40

SNSUANA
PIA AHLAW ALTIOTAA AY
NOSTHVIWOD -

(ZH) B384

cmz oot

aaansy

[(REERCR ]

AR

td

l-.-
viqon®

.. PRRAALYY
etrcscaiaest Seccnruenron,, |

i

————

R d
mvnanah,...,,-_-‘-

ver ST

- -

LT T, ~ -
R n

= ] S

-.T--- TRl N A ST K TR TR - D

A
(S/L4) MaX

sv’.u?'-‘.‘cw e

¥
«
™

- 08

‘sla K

1o e N Ty e

PO AL s ]

"

e
W P

. ~
LA LG, §

ey




T W e @

4
il
fe

RN | OO G |} “ 3K

*SG0° HWIL HSdVIY C(~—) dA121GHAd SOSHHA
(===) vV HALUNOAATADDV ANV “(***) GIA ALIDOTAA Afl AHYNSVAW
LINIWIIA0D AALVINRLS NO VILOAAS MD0HS 40 NOSILIVIWOD — 0T AAADTA

(ZH) 0344

0ss 005 QM.N 00 ast 001 05 ».u

3
8
.g
&

1 L 4 1 1 ' i 1
w0
s g
hivicirivteteividodoiobitoliders = e & o
................................ R it D
.............. X
v
o1 e
Pt
-. ’
P

&

]

‘..io‘sv.wu. R'?ﬂ &oun ?,.‘:K’Sml—#-‘ﬂﬂiﬁ AL

[~]
-«
-

(S/L14) MxX
X

t
€
L
g
T
g
11
z
h3
L3
<
c
L
v
)

o
*teenranes ..‘..’..-..’..-..-..1...
T
- .. N

o

rn

001

03131034¥d "SA 03YNSHIW "OIWIS-WNYLIFLS MIOHS

= (AL R N PR I I -nﬁn -.b-o-o..... W” e -.- n-.l. <c~!v T e, e .--\-.--.4-.\,1-.4-.- R e n:'r..thld.- . 2

. (R HRINRY RPN - - Tal




YT e % ae CTa L e

R A
M .
ar— Vi
s N e Y 4 ,
w - N «‘ P
~‘ *
. - .

.
PR

4 s
- R4 ,.\\\m s
Y
: R
T \.\ A.!l.»..rLtlle.\ i
o f
DA Nne o A i iy s il

Y

TAT SR TTN T Ty

- ~
y )
13
e s
[ ° i
4 - -

M '

[y t . i
- l.\thu

e oo~
. L

PP

.- -l
v
———— e Te— ;
e
v
LI T
e .
4 ik .
PR I ar a
T e S ———r
A
e -
‘ ¢ -
. .
~
b “+
+
. -
-
N d
N . -
. . R -
PR .
e
PN
'oa JEREEY
. o -
.,h~ T .
.o A

1 .

o

e adad BEL S s HER

e gy ot - e

el it ddd

RS WP S

e ih CRET R Ao L P

Py

>




